Background/Purpose: In the context of the European Biodiversity policy, the Green Infrastructure Strategy is one supporting tool to mitigate fragmentation, inter-alia to increase the spatial and functional connectivity between protected and unprotected areas. The Joint Research Centre has developed an integrated model to provide a macro-scale set of indices to evaluate the connectivity of the Natura 2000 network, which forms the backbone of a Green Infrastructure for Europe. The model allows a wide assessment and comparison to be performed across countries in terms of structural (spatially connected or isolated sites) and functional connectivity (least-cost distances between sites influenced by distribution, distance and land cover).
T HE Europe's Green Infrastructure Strategy is a holistic policy initiative integrating nature, biodiversity and sustainable development [2] ; it is one supporting tool to implement the European Biodiversity Strategy and achieve 2020 targets [8] . One of its aims is to mitigate fragmentation and render protection more effective. One condition to achieve this is to increase the spatial and functional connectivity between natural and semi-natural protected and unprotected areas.
Protected areas such as Natura 2000 (N2K) [6] sites form the backbone of a Green Infrastructure for Europe [4, 9] . Besides their size and quality, their connectivity contributes to the movement and dispersal of animals and plants. [12] ).
The unprotected landscape plays a role in enhancing or reducing the conservation and resilience of protected habitats; for example, grey infrastructure (artificial lands and roads) and intensive land use often pose the biggest threats or disturbances for biodiversity conservation. There is a need for conservation tools accounting for connectivity in tandem with landscape planning [16] .
Connectivity measures should not necessarily be to link individual habitat patches with physical structures (such as corridors of similar habitat), but to ensure the existence of required functional connections between protected sites (e.g. inter-site distances or/and landscape permeability) and identify potentially isolated sites.
The Joint Research Centre has developed an integrated spatially explicit model to provide a macro-scale European vision of the connectivity of N2K sites on [12, 13] :
• Site network pattern in terms of size and number.
• Intra-site network structural connectivity with morphological criteria: complex, simple subnets.
• Inter-site network functional connectivity from the perspective of influencing factors related to site distribution, grey infrastructure and inter-site distance: connectivity indices, isolated sites.
Pattern of Natura 2000 site network
The network of Natura 2000 sites designated under the "Habitat" [6] and "Birds" Directives [7] covers circa 18% of the European Union (728,744 km 2 ); 80% of the sites include forest. All N2K polygons [5] representing the extracted site areas have been converted to a raster layer in order to generate sub-network (subnet) components which were formed by one or more Natura 2000 sites in cases of overlap (sites physically connected) ( Figure 1 ). There are differences among countries in terms of the sizes and numbers of sites, their distribution as well as distances between sites (Figure 2 ). In the small frames of Figure 2, Ireland (frame 1) has a well-connected network; Portugal (frame 2) has large and isolated subnets; Spain (frame 3) has large and connected sites; Germany (frame 4) has small and densely distributed sites; Sweden (frame 5) has mainly small and distant subnets; Bulgaria (frame 6) has large subnets. [11, 13] where the array-based semantics is based on [3] . Details on the less obvious data-transformation modules may be found in [14] .
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Spatially-explicit model of connectivity of protected areas
The model is based on two available software packages (free-download GUIDOS [18] and free software Conefor [17] ) integrated with GIS Python programming tools for automated processing [19] (Figure 3 ). The approach is harmonized and applies both structural and functional criteria. It represents a compromise between biological species models and commonly used connectedness measures.
Intra-site network structural connectivity
The spatial configuration of the sites is characterized in terms of simple subnets, made of one node, and of complex subnets, made of several interconnected nodes and links ( Figure 4 ). For each country two structural connectivity indices are proposed:
• Share of Complex subnets.
• Share of Simple subnets.
Inter-site network functional connectivity
The model is based on a probabilistic power weighted dispersal function [13] . As a proxy of landscape resistance to species dispersal and to identify "green" corridors, a new European land use based friction map was created from the Corine Land Cover map of year 2006 at 100 m spatial resolution [10] and the OpenStreetMap layer [1, 15] . The probability of connectivity (p i j ) is measured as a function of the landscape resistance (cost i j ) between subnets (a i , a j ). It applies 50% probability of connectivity at 500 m average inter-subnets distance (dist 50% ). It also accounts for the presence of "green" corridors in-between subnets ( Figure 5 ).
Estreguil C., Caudullo G., de Rigo D., 2014. Connectivity of Natura 2000 forest sites in Europe. For each country three functional connectivity indices are applied to the subnets 1 :
• Site area weighted Root Probability of Connectivity (RPC) which is sensitive to the size of subnets.
• Root un-weighted Average Probability of Connectivity (RAPC) which is sensitive to the unprotected landscape resistance and functional distances between subnets.
• Share of functionally Isolated subnets in the Natura 2000 network.
Country based results on the Natura 2000 network connectivity
In all countries, the N2K network is mostly made of simple subnets. Share of complex subnets ("physically connected" sites) range from 40% in Bulgaria to 5% in Latvia.
Large numbers of subnets and similar small median sizes are found in Germany and France, their inter-site connectivity with emphasis on the sites' sizes is rather low (RPC approx. 3%) but higher when the intersite distances and landscape are at focus (RAPC approx. 10%).
Highest RPC are found for Spain, Slovakia, Romania and Bulgaria. The more natural landscape in Sweden and Finland does not result in high inter-site network connectivity due to large inter-site distances. The distribution of subnets with respect to roads explains the higher share of isolated subnets in Portugal than in Belgium. European map of the root un-weighted average probability of connectivity (RAPC) and the share of N2K subnets functionally isolated.
1 RPC and RAPC are special cases of the general family of indices Power Weighted Probability of Dispersal (PWPD) [13] . They also belong to its simplified formulation s-PWPD [11] as instances in which the s-PWPD parameters {α, β, γ 1 , γ 2 } are respectively {0, 1/2, 1, 1} for RPC and {0, 1/2, 0, 0} for RAPC.
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Figure 8:
National profile of site area weighted root probability of connectivity (RPC). The chart includes the N2K cover percentage per country and a proxy of the gap in connectivity computed as their difference (from [12] ).
